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ABSTRACT 
Amounts of NaOH absorbed by kaolins.-The amounts of sodium hy- 
droxide completely absorbed by North Carolina, Georgia and Florida kaolins, 
without showing the presence of free alkali sufIicient to color phenolphthalein 
are, respectively: 0.125%; between 0.100% and 0.125%; and between 0.22570 
and 0.250% of the dry weight of the clay. 
Effect of time and temperature on absorption.-The absorption appears 
to be largely independent of time but increases with temperature. 
Nature of the absorption process.-The experimental data can be expressed 
by the Freundlich adsorption isotherm thus indicating that the adsorption 
process belongs to the category of adsorption phenomena. 
Introduction 
The present work was undertaken for the purpose of deter- 
mining the percentage of sodium hydroxide removed from solu- 
tion by kaolin and to establish, if possible, whether the removal 
of the alkali represents a case of absorption or whether it is due 
to chemical combination under the assumption that we are 
dealing with a quasi-kaolinic acid. Such information is desira- 
ble in dealing with the deflocculation of kaolin in the purification 
process. 
In this paper the term “absorption” will be used to designate 
the removal from solution of a dissolved substance by a solid, re- 
gardless of the mechanism by which this occurs. “Adsorption” 
may be considered as a special form of absorption, characterized 
by the accumulation of the dissolved substance upon the surface 
of the solid. 
If an attempt were made to titrate the excess alkali in the pres- 
ence of the clay, it would be found that no sharp end-point could 
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be secured either with indicators or with a hydrogen electrode. 
This behavior is probably due to the fact that as the alkali in 
the solution is neutralized, the equilibrium with the clay is dis- 
turbed, not alone by the change in the alkali concentration, but 
also by the presence of the neutral salt produced. The above 
difficulties could probably be avoided by a direct measurement 
of the hydroxyl (or hydrogen) ion concentration of solutions of 
increasing alkali content wtafning the clay in suspension. 
Such measurements could no doubt be made by means of a 
hydrogen electrode. As opportunity offers it is hoped to investi- 
gate this method of study. 
Experimental 
The materials used were typical samples of washed Georgia, 
North Carolina and Plorida kaolins. In the method employed 
by us, definite amounts of alkali were added to the clay and the 
solid matter was removed by centrifuging after standing for some 
time. The alkali was then determined in the liquid. The ma- 
terial to be tested was dded at 110' C and for each determina- 
tion samples of sfty grams were used with an addition of 400 
cc.of distilled water. After addition of the desired m o u n t s  of 
sodium hydroxide, the containers with the suspension were shaken 
mechanically for one hour and allowed to stand for 23 additional 
hours. The supernatant liquid and the suspended matter were 
then centrifuged in a Sharpless machine rotating at from forty 
to fifty thousand revolutions per minute. Although a liquid 
free from visible solid particles was obtained, it still probably 
contained some colloidal matter so finely dispersed that it would 
pass through filter paper. This solution was made acid by 
means of 0.01 normal sulphuric acid, and the excess of acid was 
then titrated in the boiling hot solution with 0,. 01 normal sodium 
hydroxide, using phenolphthalein as the indicator. The calcu- 
lated amount of alkali necessary to neutralize all of the acid added, 
less the amount of sodium hydroxide required to neutralize the 
excess acid, is equivalent to the alkali left free in the solution 
after interaction with the clay.] The sodium hydroxide absorbed 
is then found by subtracting this free alkali from the amount 
added to the clay. The following results were obtained: 
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TABLE 1 
Amounts of NaOH Absorbed by 50 Grams of Kaolin from 400 Cc. of Solution 
NaOH absorbed erpreased aa 
I '5% of NaOH NaOH added
grams/litcr 
A. N. Carolina kaolin.. . . . . . . . . . . .  0.125 
.156 
.187 
,250 
,312 
,375 
.437 
,500 
,625 
C. Florida kaolin. 
B. Georgiakaolin ................ 0.125 
.156 
.187 
.250 
.312 
.375 
.437 
.500 
.625 
. . . . . . . .  0.125 
.250 
.281 
.312 
.343 
.375 
,437 
,500 
.625 
% Of day  
0.100 
.125 
.148 
.192 
~ 208 
.229 
.252 
.254 
.286 
0.100 
-122 
-146 
.173 
.205 
.211 
.231 
.239 
.265 
0.100 
.200 
.225 
-240 
.257 
.265 
.281 
.301 
.356 
._ 
added 
100.00 
100.00 
98.67 , 
96.00 
83.20 
76.33 
72.00 
63.50 
57.20 
100.00 
97.60 
97.33 
86.50 
82.00 
70.33 
66 .OO 
' 59.75 
53 .OO 
100.00 
100.00 ' 
100.00 
96.00 
93.50 
88.33 
80.29 
75.25 
71.20 
The results for all the clays were found to check very satisfac- 
torily. It will be noted that in all cases when small amounts of 
alkali are added, all of the reagent is absorbed by the clay, or at 
least insufficient is left in solution to be detected by phenol- 
phthalein. With the North Carolina clay the centrifuged liquid 
was very pale yellow, indicating the presence of organic or 
inorganic matter dispersed as a colloidal solution. 
It appears from the results for the Georgia kaolin that the ab- 
sorption, in spite of the greater fifieness of this clay, is less pro- 
nounced than with the other kaolins, indicating that the material 
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already contains absorbed matter. The centrifuged liquid 
differed in color from light to dark yellow according to the amount 
of free alkali remaining in the solution, indicative of an apprecia- 
ble amount of organic and other substances of a colloid character. 
With the Florida clay the centrifuged liquid was a clear yellow 
in color. These results show that the absorption power of the 
Florida kaolin is decidedly greater than for either of the pre- 
ceding ones. This would indicate greater fineness since, if the 
absorption is a case of adsorption, i t  is proportional to the specific 
surface. In using sodium hydroxide as the absorbed substance, 
there is, however, a possibility of chemical reaction with the clay 
owing to the acid nature of the latter, which complicates the 
situation. 
Rate of Absorption.-In order to determine the rate of ab- 
sorption, a suspension of 50 grams of the Georgia clay was al- 
lowed to stand with 400 cc. of solution containing 0.625 gram 
per liter of sodium hydroxide, for different periods of time up 
to 96 hours, and the following results were obtained: 
Timein hours .... . . . . .  . . . . . . . . .. . 0.25 1.00 24.00 72.00 96.00 
NaOH absorbed per cent of clay.. . . 0.276 0.283 0.265 0.287 0.289 
The maximum absorption therefore takes place quite rapidly 
and even after ninety-six hours the amount taken up is only 2.4 
per cent greater than the quantity absorbed after one hour. 
Effect of Temperature.-It is evident that in systems of this 
kind the absorption is also a function of the temperature. By 
allowing only one hour for the reaction, but raising the tempera- 
ture to 90" C, the amount of alkali absorbed by Georgia kaolin 
from a solution containing 0.625 gram per liter of sodium hy- 
droxide was 0.342% as compared with 0.265% under conditions 
of normal temperature. This marked difference appears to be 
due to chemical reaction of the alkali, which is to be expected. 
With Florida kaolin, under the same conditions, 0.4170 of sodium 
hydroxide was absorbed at  90" C as compared with 0.356% at  
room temperature. The smaller change introduced by increased 
temperature, with the Florida clay, may be connected with the 
deviation from the normal curve (Fig. I). 
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FIG. 1 
The Absorption Isotherm.-The Freundlich equation for the 
absorption isotherm, x/m = aC1/n, in which x equals grams of 
NaOH absorbed by m grams of the absorbent, C the volume con- 
centration of NaOH at equilibrium, and CY and n are constants, 
was applied to the experimental data. The results obtained by 
plotting the logs of x and c are shown graphically in figure 1. It is 
evident that if the above equation holds the resulting curves must 
be straight lines. By comparing the plots obtained for each clay 
with the mean straight line, it will be found that while there are 
variations, the agreement in general is good. The Florida kaolin 
shows the straight line relationship particularly closely up to the 
higher concentrations of alkali, but then it departs sharply from 
the straight line. The constants, CY and l/n, of the Freundlich 
equation for the three clays studied are indicated on the graphs. 
It is believed that this field of study, employing other electro- 
lytes, offers many possibilities for the more exact differentiation 
of the different types of clays, especially where the cruder methods 
of mechanical analysis fail. Thus the absorption of malachite 
green proposed by Ashley is a measure of the plasticity of clays, 
which is undoubtedly useful in estimating the relative specific 
surface of the materials, though to what extent such absorption 
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is influenced by electrolytes and non-electrolytes already ab- 
sorbed remains to be seen. 
The further study of absorption phenomena for different clays 
is suggested, especially with solutions involving no direct chem- 
ical action. 
The writers wish to acknowledge the assistance of Mr. A. V. 
Bleininger in outlining th is work. 
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